In a previous communication (Mackie, 1938) we have reported observations upon the Shigella dysenteriae agglutinin curves in a group of patients presenting the intestinal pathology of chronic bacillary dysentery and bacteriologic or serologic evdence of infection by these organisms. Fluctuation of the titre curves in individual patients, the common finding of higher titres in the culture-negative cases than in the culture-positive cases, and the infrequency and low titre of normal agglutinins in the control groups, suggest that agglutinins for Shigella dysenteriae may develop in response to non-specific heterologous infection. The studies here reported were undertaken to investigate this possibility.
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It is known that immunization of an animal against Eberthella typhosa often leads to the production of major agglutinins for the homologous organism, and of minor agglutinins for certain strains of Escherichia coli. Absorption of such a serum by its homologous antigen removes the minor as well as the major agglutinins (Bulloch, 1929) . Agglutinins for S. dysenteriae, previously absent, have been observed to appear in the serum of certain patients suffering from chronic ulcerative colitis in the SPECIFICITY OF AGGLUTININ REACTION glutinability of these strains of E. coli, and their ability to absorb the dysentery agglutinins from the patients' sera have been investigated. In like fashion their behavior in monovalent antidysentery rabbit serum has been studied. Each strain of E. coli has been used to produce a monovalent anti-coli rabbit serum, and the agglutinability and agglutinin absorption capacity of the homologous E. coli and heterologous S. dysenteriae have been studied.
METHODS
Care was exercised to insure the use of smooth strains of E. coli and of S. dysenteriae for the preparation of anti-sera, for the absorption antigens, and for the preparation of formalized antigens for agglutination tests. Repeated plate subcultures were used. Discrete colonies were examined under high magnification with the dissecting microscope. Only smooth glassy colonies were replated. These replatings were continued until subcultures were uniformly smooth. One smooth colony was then fished to slants for preparation of the antigen, and plate cultures were made from the slant growth and re-examined for smoothness. All were tested for spontaneous flocculation in 0.85-per-cent sodium chloride solution.
Agglutination reactions have been performed with formalized antigens. Standard agglutination tubes have been used, and in each instance the end point of the reaction has been considered to be that dilution in which definite although incomplete clumping is visible to the unaided eye. The detailed technique was identical with that used in the previous study (Mackie, 1938) .
Living antigens were used throughout for absorbing the sera. In each instance the serum was diluted 1/5 with 0.85 per cent saline solution. To this was added an equal volume of cell suspension. For absorbing the human sera, a 1/20 cell dilution was used. Lack of sufficient serum made titration impracticable. For the rabbit sera, however, the absorbing dose was titrated in each instance and that dose chosen which reduced the homologous agglutinin titre to 1/20. These cell dilutions varied from 1/2 to 1/25. The suspension of living cells and diluted serum was held in the water bath at 450C. for two hours, and then placed in the icebox over night. The serum and bacterial bodies were separated by centrifuge and the supernatant fluid tested in serial dilution with formalized antigen.
The Escherichia coli strains were recovered by direct inoculation at proctoscopy upon plates of MacConkey's medium, eosin methylene-blue and desoxycholate agar. After twenty-four hours incubation, one hundred random colonies were fished to rabbit blood agar plates. These were kept at room temperature over night. Five nonhemolytic, and, if present, five hemolytic colonies, were inoculated by stab into tubes of 0.5 per cent hormone agar and thence to agar slants. These ten strains were then tested against the monovalent anti-dysentery rabbit sera. All those that agglutinated were retained and one non-agglutinating strain was likewise retained for purposes of control.
The cultural characteristics of the Escherichia coli are shown in table 1. Five were motile. Eight were non-motile. Ten of the strains were hemolytic on rabbit-blood agar. All were gas formers. All gave positive methyl-red and negative VogesProskauer reactions. Gelatin was not liquefied. Indol was tested for colorimetrically. 5 cc. broth cultures containing 1 per cent peptone and 0.5 per cent NaCl were incubated at 37.50C. for two days. To these were then added 1 cc. dimethylaiido benzaldehyde (2 grams in 100 cc. ethyl alcohol) and 6-7 drops of concentrated HCL. The mixture was then shaken with 2 cc. of chloroform and the color of the latter checked against LaMotte pH indicators. The presence of indol is demonstrated by a pH reading ranging from 7.2 to 8.2
The Shigella dy8enteriae strains are subcultures of known types (Murray, 1918) The agglutinability of the thirteen strains of E. coli was studied in these sera unabsorbed, after absorption by the homologous S. dysenteriae, and after absorption by the heterologous E. coli. In each instance absorption by the homologous antigen removed Absorption with the individual coli strains variously affected the titre for the homologous dysentery antigen. Strain S-NH, which agglutinated to highest titre in the unabsorbed serum, proved to be the most active absorber of the group, reducing the titre for PB24 to 5,120. W-H7, which agglutinated to an eighth titre, reduced the homologous agglutinins to 10,240. The three strains, G-NH3, T-H1, and A-H6, likewise showed active absorption. They reduced the titre for the homologous PB24 antigen to 10,240, 20,480, and 10,240 respectively. L-H2 and G-H2, although agglutinating only to 1/320, reduced the titre for the homologous dysentery antigen to 20,480 and 10,240 respectively.
The unabsorbed Karim Kahn serum likewise failed to agglutinate any of the E. coli strains to full titre (table 5) . Only two, W-H7 and L-H1, reached one-quarter titre. The remainder agglutinated in dilutions varying from 1/320 to 1/5120.
Eight of the E. coli strains, when used to absorb the Karim Kahn serum, reduced the titre of this serum for its homologous The six strains of E. coli, which agglutinated at full titre in the E. Ledingham serum, completely absorbed the dysentery agglutinins. The two strains A-H6 and W-H12, which agglutinated at one-half and one-quarter titre respectively, likewise completely absorbed the E. Ledingham agglutinins. G-NH3 agglutinated to one-quarter titre and reduced the dysentery agglutinins to one-eighth. W-NH7 and W-H7, which agglutinated only to 1/320, reduced the homologous agglutinins in the serum to fifty per cent. S-NH agglutinated at 1/320 and reduced the agglutinins to twenty-five per cent. L-H2 agglutinated to 1/5120 and reduced the serum titre after absorption to the same figure.
Findings with monovalent anti-coli rabbit sera A monovalent rabbit serum was prepared against each of the thirteen strains of Escherichia coli. These sera ranged in titre from 10,240 to 40,960.
The agglutinability of the four strains of S. dysenteriae was studied in these sera unabsorbed, after absorption by the homolo-gous E. coli, and after absorption by the heterologous S. dysenteriae. Absorption of each serum by its homologous antigen removed both the homologous coli agglutinins and the heterologous dysentery agglutinins. Absorption of the sera by the individual strains of S. dysenteriae removed the corresponding dysentery agglutinins.
The thirteen sera fall into two groups on the basis of the behavior of the E. Ledingham The Flexner organisms were not strongly agglutinated by these coli anti-sera. In one instance the titre reached 5,120, in three 2,560, and in four 1,280. Despite this they exhibited some capacity to absorb the homologous coli agglutinins.
The homologous coli titre of MI-H6 serum was reduced fifty per cent 
SUMMARY
The agglutination and absorption studies with patients' serum yielded evidence suggesting an immunological relationship between strains of E. coli and the type strains of S. dysenteriae. Absorption of nine of these sera by the corresponding strain of E. coli, in each instance, completely removed agglutinins for the latter and for one or more of the S. dysenteriae strains as well. Conversely, in the five sera studied, absorption by S. dysenteriae removed both the dysentery and the coli agglutinins. Since it was impossible to titrate the absorbing doses due to insufficient serum, over-absorption may have been a factor in determining these results. The frequency with which agglutinins for only one of the antigens was affected renders this improbable.
Additional evidence of antigenic relationship was obtained from the studies using monovalent dysentery anti-sera. All thirteen strains of E. coli agglutinated to varying titre in these sera. Absorption by the homologous antigen removed both the homologous dysentery and the heterologous coli agglutinins. JAbsorption with the individual strains of E. coli removed the corresponding coli agglutinins and reduced the homologous titre of the sera in varying degree.
Seven of the strains of E. coli, agglutinating in the unabsorbed PB24 serum, reduced the homologous titre after absorption by fifty per cent or more. This points to an antigenic component' common to these strains of E. coli and the PB24 S. dysenteriae. The six strains which were agglutinated by the PB24 serum but failed to absorb the homologous agglutinins lack this common factor. Their agglutination, therefore, must be regarded as non-specific.
Eight of the coli strains agglutinated in unabsorbed Karim Kahn serum, and, when used to absorb the serum, reduced the homologous titre by fifty per cent or more. Five strains failed to absorb the homologous dysentery agglutinins and must, therefore, be considered antigenically unrelated to the Karim Kahn Flexner bacillus. Agglutination of these organisms by this serum must be classed as non-specific.
Nine of the E. colti strains, agglutinating in the unabsorbed Y Ledingham serum, when used to absorb this serum reduced the homologous titre by fifty per cent or more. Four failed to absorb the dysentery agglutinins and are therefore unrelated to the Y Ledingham Flexner bacillus. Agglutination of these organisms in this serum is consequently non-specific.
The results obtained with the E. Ledingham (Sonne) serum were striking. Six of the strains of E. coli agglutinated at full titre and completely absorbed the dysentery agglutinins. Two other strains, agglutinating at lower dilutions, likewise completely absorbed the homologous agglutinins. The remaining five strains, although agglutinating only in low dilutions, reduced the homologous serum titre by fifty per cent or more. These observations, therefore, point to agglutinogenic identity of six strains of E. coli and the E. Ledingham (Sonne) bacillus. The remaining seven strains appear to be closely related.
Confirmatory data were obtained from the studies of the thirteen monovalent anti-coli sera. The strains of E. coli fall into two groups, one unrelated to, and the second closely related to, if not antigenically identical with, the E. Ledingham (Sonne) bacillus.
The first group comprises five sera, none of which agglutinated E. Ledingham in high dilutions. Absorption of these sera with E. Ledingham in only one instance reduced the homologous coli titre by fifty per cent. The Flexner strains gave varying reactions. PB24 agglutinated to the full titre of the S-NH serum and completely removed the homologous coli agglutinins. The remaining four coli sera agglutinated the Flexner strains in lower dilutions. Absorption with one or more of these strains reduced the homologous titre of each serum by fifty per cent or more. These observations indicate an antigenic relationship, identical in one instance and close in a second, between the Flexner strains of S. dysenteriae and the five strains of E. coli comprising Group 1. It is interesting to note that non-specific agglutination of a Flexner bacillus may reach one-eighth of the titre of a monovalent coli anti-serum.
The behavior of the S. dysenteriae antigens in the eight monovalent coli sera comprising Group 2 points to agglutinogenic identity of the E. Ledingham (Sonne), and six of the strains of E. coli, and to a close relationship with two of the others. Despite the low titre agglutinations of the Flexner strains in these sera, the agglutinin absorption reactions noted indicate a serologic relationship between our Flexner antigens and seven of the strains of E. colti which may be of significance.
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Comparison of the agglutination and agglutinin absorption activity of the four strains of S. dysenteriae and the thirteen strains of E. coli in the monovalent dysentery antisera and in the monovalent coli antisera reveals significant findings (table 10) . These are not in exact conformity with the data obtained by the sera singly. Reciprocal agglutination and reciprocal absorption in the dysentery and the coli antisera demonstrate antigenic identity between E. Ledingham (Sonne) and five strains of E. coli. There is a close relationship with four additional coli strains. No such evidence of identity was found between the Flexner strains and the E. coli. Partial agglutination in the sera and significant reduction of homologous agglutinin titres after absorption was observed. Similar findings in both the coli and the dysentery antisera indicate a serologic relationship between six strains of E. coli and PB24 Flexner. Six coli strains likewise appear to be related to Karim Kahn Flexner, and six to Y Ledingham Flexner.
Five of the strains of E. coli are related to only one of the S. dysenteriae strains. Three of the coli are related to two of the strains of S. dysenteriae, four are related to three of the S. dysenteriae strains, and one, A-H6, is related to all.
DISCUSSION
Four possible explanations may be advanced to account for these immunological cross-relationships between Shigella dysenteriae and Escherichia coli. They may represent a major and minor agglutinin phenomenon dependent upon non-specific group agglutinins. They may be regarded as an instance of paragglutination. Unrecognized "R" dissociation of the cultures may have occurred with resultant development of common rough somatic antigens. A true antigenic relationship may exist.
Complete removal of both homologous and heterologous agglutinins by absorption of the monovalent rabbit sera with their homologous antigens suggests a simple major and minor agglutinin phenomenon. Heterologous absorption, however, presents strong evidence of a fundamental agglutinogenic similarity. Moreover, the use of living antigens to absorb the sera insures maximal removal of both major and minor agglutinins. The use of formalized antigens for the agglutination reactions minimizes non-specific group agglutination.
The phenomenon of paragglutination is characterized by the agglutination of organisms other than the known etiologic agent in the serum of an infected individual. The Weil-Felix reaction in typhus fever is a classic example. As previously noted, various workers have observed that certain strains of Escherichia coli recovered from dysentery patients may be agglutinated in monovalent dysentery anti-sera. Two explanations of this phenomenon have been advanced. It is postulated that close association of Escherichia coli and Shigella dysenteriae within the patients intestinal tract alters the receptor apparatus of the Escherichia coli to resemble that of the Shigella dysenteriae. Arkwright (1931) , however, considers that paragglutination is due to the presence of similar or identical "R" antigens.
The agglutinogenic cross-relationships which we have ob-served might be classed as instances of paragglutination. This seems unlikely, if that phenomenon, in fact, is dependent upon alteration of receptor apparatus. The strains of Escherichia coli which we have examined were obtained from patients who never afforded cultural evidence of infection by Shigella dysenteriae despite repeated examination. There remains the possibility that similar or identical "R" antigens may be present in the strains which we have been investigating. It is recognized that colony inspection and failure to flocculate in 0.85 per cent sodium chloride solution do not constitute positive proof of a pure "S" phase. The possibility of common "R" agglutinins has been avoided as carefully as present methods permit. None the less, partial "R" dissociation may have occurred and may account for the cross-relationships observed.
The general uniformity of results obtained by reciprocal agglutination and reciprocal absorption in the human sera, in the monovalent dysentery anti-sera, and in the monovalent coli antisera are strongly suggestive of a fundamental antigenic relationship between strains of S. dysenteriae and E. coli. Agglutination to full titre of a known monovalent anti-serum, and complete absorption of the homologous agglutinins of such a serum are commonly accepted as proof of antigenic identity of an unknown organism and the antigen used to produce the serum. Recognition of less close degrees of relationship is based upon partial agglutination and less complete absorption of homologous agglutinins. Judged by these criteria, subject to the potential error of unrecognized partial "R" dissociation, a true antigenic relationship exists between the four strains of Shigella dysenteriae and the thirteen strains of Escherichia coli studied.
The coli strains do not appear to be identical. Eight strains were non-motile. Ten were hemolytic on rabbit blood agar.
Their respective immunological relationships will be reported subsequently.
We have previously called attention to the necessity for caution in the interpretation of the agglutination reaction for S. dysenteriae in chronic inflammatory disease of the colon. The
